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Although there is some debate over how defensible the GPL is when 
applied to hardware, the key ideas are similar to open-source soft¬ 
ware—the hardware designs are free as in speech, and a community 
exists that is working together on extending and enhancing the 
designs. Intellectual Property (IP) is shared for the mutual benefit of all. 

The community is loosely organised under the Free Telephony 
Project, and it consists of private hackers, researchers and several 
companies who are donating time and other resources to the project. 
A series of hardware designs are being developed, for example, 
analog and ISDN interface hardware, and DSP motherboard designs. 
Significant software development work is also occurring, for example, 
open echo cancellation software and drivers for the hardware. 

The outputs of the project are high-quality, professionally designed 
telephony hardware, freely available for all. Hardware development is a lit¬ 
tle different from software—hardware design/test cycles are much longer 
(for example, a bug might mean a new board needs to be manufactured), 
and, of course, it costs money to make a "copy" of a hardware design. 
However, the benefits of open hardware are similar to open software: 

■ Peer review is a wonderful way to trap bugs early, leading to big 
savings in development time. 

■ Re-use of open designs enables innovative products to be 
developed quickly and with a very small number of bugs. 

■ Discussion and contributions from people all over the world lead to 
a much higher-quality product than a product developed by one 
company in its own lab. 

■ Using open hardware, an individual or small company can build sophis¬ 
ticated telephony products without needing large company resources. 

■ The part I like best—you get to work with a community of talented 
hardware and software people! Some of the best and brightest 
minds out there seem to migrate naturally to open projects. 

Business models are being developed that function within the 
open-hardware environment. For example, one company sponsoring 
our efforts has a service model based around low-cost telephony hard¬ 
ware—maintaining ownership of the hardware IP is not a critical part 
of its business plan. 

Open hardware is also great for small, localised businesses and 
allows developing countries to build their own products locally—over¬ 
coming tariff barriers and building a local high-technology industry. 

A Really Open Hardware/Software Project 

This PBX runs open-source software (Asterisk), on an open-source 
operating system (uClinux). The operating system, drivers and applica¬ 
tions are built using a GNU gcc toolchain. 

The hardware designs are open and were designed using open- 
source tools. Schematic entry was performed using gschem, and the 
PCB layouts were developed using a program called PCB—both includ¬ 
ed in the gEDA package of open electronic design tools. 

Verilog was used to implement some programmable logic on the 
daughterboard. Verilog is a language used to describe logic in elec¬ 
tronic circuits. The Verilog code was developed with Icarus Verilog, 
also part of the gEDA package. 



Figure 3. The Work Flow Used to Create the Project 


Figure 3 shows the high-level work flow for the project. As you can see, 
hardware, software and even the tool used to design the hardware are all open. 

Assembling the Hardware 

Let's start putting it all together. 

The first step is to plug your desired combination of modules in to 
the daughter card. For example, for a home PBX, you might simply want 
one FXO and two FXS modules; for an office you might want four FXO 
modules. In Figure 1, two FXO and two FXS modules are loaded. 

The next step is to plug the daughter card/module assembly in to 
the Blackfin STAMP card. That's pretty much it for the hardware 
assembly. As a quick test, try applying power to the STAMP, and it 
should boot without any problems. Not much else will happen yet, 
as we need to compile and download the software. 

Building the Software 

The software is built on a Linux host PC, then downloaded to the 
Blackfin STAMP board using FTP (driven by some shell and Expect 
scripts). Here are the steps: 

Download and install the Blackfin gcc toolchain. Detailed instruc¬ 
tions for this step are on the blackfin.uclinux.org Web site. 

You need a compiled version of the latest Blackfin STAMP uClinux 
distribution (uClinux-dist RPM or tarball). Before building it, set up the 
following configuration using make menuconfig: 

■ Kernel hacking: boot param—root=/dev/mtdblock0 rw. This 
makes the root filesystem read-write, which allows us to add the 
many files Asterisk requires to the root filesystem. 

■ Blackfin options: write back cache—this improves the speed of the 
DSP-intensive operations, such as the Speex codec, by about 10% 
per codec instance. 

■ Customize vendor/user settings: Flash tools—MTD Utils is switched 
off, as it breaks the uClinux-dist compilation (at least on my machine). 

■ I modified the file: uClinux-dist/vendors/AnalogDevices/BF537-STAMP/rc 
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to set the hostname and enable dhcpcd. 

Generic instructions for building uClinux are included in the 
Blackfin uClinux-dist documentation. Read these and build uClinux. 
If your build was successful, a uClinux-dist/images directory will be 
created containing the uClinux images. 

Download the uCasterisk tarball, then: 

$ tar xvzf uCasterisk-0.1.6.tar.gz 
$ cd uCasterisk-0.1.6 

In the file .config, check that: 

BR2_T00LCHAIN_DIR="/opt/uClinux/bfin-uclinux/bin" 
BR2_KERNEL_S0URCE="/opt/uClinux-dist/linux-2.6.x" 

point to your toolchain and target kernel sources. 

Then, typing: 

$ make 

downloads, patches and makes all the different packages you need. 
See the top-level Makefile for other useful options. 

Downloading and Testing 

Now, download Asterisk and all the support files to the Blackfin STAMP: 


$ ./scripts/install_all stamp 

where stamp is the hostname of your STAMP card. There will be 
a few pauses as the drivers are installed, and the LEDs on the 
daughterboard should light indicating that the FXS/FXO modules 
have been auto-detected. 

The next step is to configure Asterisk for your combination of FXO 
and FXS modules. Asterisk configuration is a big subject and can be 
daunting for the beginner. To help get started, some basic configura¬ 
tion files have been developed. 

Let's assume for now that you have loaded two FXS modules and 
two FXO modules. In that case, run: 

$ ./scripts/config_2fxo2fxs stamp 

Now, you are ready to start Asterisk. Use Telnet to open a console 
to the Blackfin STAMP: 

$ /var/tmp/asterisk -vc 

A lot of text will flash by as Asterisk boots, but eventually, you 
should be greeted by the Asterisk CLI prompt: 

Asterisk Event Logger restarted 
Asterisk Ready. 

*CLI> 


Expect and Embedded Systems 

Expect is an extension to Tel that lets you 

software and config files all 

minutes, you can automate common tasks. 

automate console sessions. 1 have found 

over again. 

To run the script, simply type: 

it to be very valuable for automating com¬ 
mon steps in embedded systems work. 

Expect lets you automate all this. 

$ ./download tarball.tar.gz target 

There are a couple of annoying problems 

For example, here is some Expect 
code to transfer a file via FTP to 

where target is the hostname of the 

with embedded system development: 

the target system: 

target system. 

1. On a regular desktop system, you com¬ 

#!/usr/local/bin/expect -f 

You even can use it to set up configura¬ 

pile code and then run it on the same 


tion files for you (Asterisk has a million 

machine. With an embedded system, 

set tarball [lindex $argv 0] 

of these): 

you compile it on a host PC and then 

set target [lindex $argv 1] 


download to the host system—for 


spawn telnet $target 

example, using FTP or TFTP. This extra 

send "ftp $target\r" 

send "cd /var/tmp/ipkg/asterisk\r" 

step becomes tedious and can lead to 

expect "): " 

expect "> " 

silly mistakes, like forgetting to down¬ 

send "root\r" 

send "cp -a etc/* /etc\r" 

load the latest version. 

expect "Password:" 

expect "> " 


send "uClinux\r" 

send "exit\r" 

2. A lot of embedded development 

expect "ftp> " 


work involves device driver work, 

send "cd /var/tmp\r" 

This example starts a Telnet session on the 

which can mean frequent crashes. 

expect "ftp> " 

target and copies a bunch of files to /etc. 

During the development phase, 

send "put $tarball\r" 


embedded systems commonly use 

expect "ftp> " 

Expect can save you a lot of time in 

RAM-based filesystems, so a system 

send "quitVr" 

embedded systems work, closing the 

crash or reset means you lose every¬ 


distance between embedded and regular 

thing and must download all your 

It's as easy to write as it looks. In only a few 

desktop development. 

v 


J 
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Plug a regular analog telephone in to one of the FXS ports (the 
FXS ports will have green LEDs). Pick up the phone, and you will hear a 
dial tone. Try dialing 2000, and you should hear the "Congratulations, 
you have..." welcome message. You then can try dialing a few of the 
demo options and make some calls between extensions. 

The above procedure needs to be performed every time you power 
down or reset the STAMP card. For regular use, the PBX can boot 
Asterisk from the SD card; however, while experimenting, it is often 
more convenient to download from the host PC. 

The configuration files for Asterisk are the same as for x86 
Asterisk. Some useful files are: 

■ /etc/zaptel.conf: Zaptel driver configuration 

■ /etc/asterisk/zapata.conf: more Zaptel configuration. 

■ /etc/asterisk/extensions.conf: sets up dial plan for PBX. 

■ /etc/asterisk/sip.conf: SIP phone configuration. 

These files can be edited with vi on the Blackfin, but remember 
that any configurations will be lost when the board is powered down 
or reset. Permanent changes can be stored on the SD card. 

Further Work 

So, there you have the basic steps for building your own 
embedded Asterisk PBX. Kits containing the daughterboards and 
modules are available from the author. We are working on further 
development—for example, custom Blackfin hardware designed 
specifically for telephony work and other line interface cards, such 
as BRI-ISDN. It's an exciting project, with the novel feature of 
open hardware development. ■ 


David Rowe has 20 years of experience in the development of DSP-based telephony and sat-com 
hardware/software. David has a wide mix of skills including software, hardware and project 
management, and a PhD in DSP theory. He has held executive-level positions in the sat-com 
industry (www.dspace.com.au) and has built and successfully exited a small business 
(www.voicetronix.com). However, he has decided he is better at debugging machines than 
people, so he currently chooses to hack telephony hardware and software full time. 


Resources 


Free Telephony Project: 

www.rowetel.com/ucasterisk/index.html 
Blackfin uClinux Site: blackfin.uclinux.org 

Building an Embedded Asterisk PBX, Part 1: 

www.rowetel.com/blog/?p=15 

Building an Embedded Asterisk PBX, Part 2: 

www.rowetel.com/blog/?p=16 

Optimizing code for the Blackfin: www.rowetel.com/blog/?p=5 
gEDA Open EDA Tools: www.geda.seul.org 
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VoIP with CommuniGate Pro 

How to set up the VoIP features in CommuniGate Pro with a Sipura 3000 and Polycom phone. 

DANIEL SADOWSKI AND STEPHEN PRATT 


Setting up your CommuniGate Pro (CGP) VoIP phone system is as 
simple as just installing the program. VoIP functionality is part of the 
base product, so there is no special configuration or licensing neces¬ 
sary. After you have initially downloaded and installed the platform 
package of your choice (www.communigate.com/download), you 
simply need to start the CommuniGate Pro server. To do this, at a 
UNIX prompt on your server, type /etc/ini t.d/CommuniGate start. 

Once you have the CommuniGate Pro server up and running, 
you need to locate the randomly generated postmaster password 
from the postmaster accounts settings file. For most Linux platforms, 
the default location is/var/CommuniGate/Accounts/postmaster.macnt/ 
account.settings, cat this file to obtain the predefined random 
postmaster password. 

When you have found your postmaster password, open a Web 
browser of your choice and connect to the CommuniGate Pro 
Web-Administration Interface at either of these locations (where 
mail.example.com is the name of your new CGP system in DNS): 
http://mail.example.com:8010 or https://mail.example.com:9010. 

The next step is setting up users on the CGP server. To do this, in 
the Web-Admin Interface, select the Users tab along the top of the 
window. CommuniGate Pro will ask you to authenticate—do so as 
postmaster, with the password you obtained from the postmaster 
accounts settings file. Next, select the Domains, sub-tab. Select the 
domain name corresponding to the domain where the new user(s) will 
be added. Find the button labeled Create Account (Figure 1). Enter the 
login for a new user in the field to the right of the button. Now, click 
Create Account. 



Figure 1. Create the account. 

After the account has been created, a Settings page for this new 
user is displayed. Enter a Real Name for the account, as well as a 
password. This will be the new user's password for all client applica¬ 
tions, such as e-mail, voice and video. Scroll down to the field labeled 
Aliases. In order to assign an "extension" to the new user, enter the 
desired extension in the Aliases field. All extensions are really just CGP 


aliases for an account. Finally, click the Update button located right 
under the Aliases field. The new user has now been provisioned and 
already has access to all services, by default, including VoIP. 

Repeat the provisioning process above for additional users by 
clicking the Objects tab located near the top of the tabs. Enter the 
login for the next new user and so on. 

Now that users are provisioned on the CGP server, the next step is 
to install and configure a device or service known as a VolP-to-PSTN 
gateway. The function of such a device or service is to route inbound 
and outbound telephone calls through the gateway and convert 
signaling from IP to PSTN and back. 

There are numerous PSTN gateway devices supported by 
CommuniGate Pro, including Cisco Routers with SIP module, 
AudioCodes Mediant, Mediatrix, VegaStream and Sipura. Also, a 
number of gateway services are available that CGP supports, such 
as VoicePulse, Voxeo and Tario. 

Suppose, for example, you elect to purchase the Sipura 3000. This 
device provides decent quality, is well valued and supports three ports: 

1. An analog (RJ-11) line from your telephone provider (such as SBC). 

2. A LAN Ethernet connection (RJ-45). 

3. A second analog (RJ-11) line for connecting a standard telephone. 

Note: if you're using a PSTN device such as those listed above, you 
need to pay for a PSTN line to your location. The smaller devices 
(such as Sipura and Mediatrix) can use RJ-11 analog lines as input. 
The larger devices typically require a dedicated T1 PRI to your site. 

To configure the Sipura 3000 to work with CGP, follow 
these steps: 

1. Plug in the Sipura—power, analog line (to your wall socket) and 
Ethernet (to your LAN). 

2. By default, the Sipura should get a DHCP address on your network 
and start its administration interface (accessible via a Web browser). 

3. Connect to the administration interface http://IP.address.of.Sipura/ 
admin. The default login is admin, and there is no default password 
(it should accept a blank password). 

The Sipura 3000 uses a tabbed administration interface much like 
CGP. The Info tab displays the current configuration. The System tab 
(Figure 2) should be configured for a hostname and any other relevant 
information to your site (DHCP, Domain, DNS and so forth). 

If you are just using the PSTN and Ethernet ports, then the only 
other configuration changes that need to be set are on the PSTN Line 
tab. These changes include the following for a very simple setup. Note 
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Figure 2. Use the Web interface to set up the Sipura 3000. 


that no security restrictions have been added here, so any system 
that can route SIP traffic to the Sipura device will be able to initiate 
outbound calls to the PSTN: 


PSTN Line 
Line Enable: yes 
NAT Mapping Enable: no 
SIP Port: 5060 

Proxy and Registration 

Proxy: cgpserver.domain.com (fill in correct host) 
Use Outbound Proxy: yes 

Outbound Proxy: cgpserver.domain.com (or IP address) 
Register: no 

Display Name: Sipura3000 
Use Auth ID: no 

Dial Plans 

Dial Plan 1: S0<:pbx@cgpserver.domain.com> 

Dial Plan 2: (xx.<:@gw0>) 


VoIP-to-PSTN Gateway Setup 
VoIP-to-PSTN Gateway Enable: yes 
VoIP Caller Auth Method: none 
One Stage Dialing: yes 
VoIP Caller Default DP: 2 



Don’t complicate a simple task 


Keep basic tasks just that with handheld, stationary and 
vehicle-mounted wireless data collection from AML. While others 
are busy reinventing the wheel, we’re keeping things simple, 
from our products to our personal service. Visit us at www.amltd.com 


or call 1.800.648.4452 for a real live person. 



M7100 Wireless Family 
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PSTN-To-VoIP Gateway Setup 
PSTN-to-VoIP Gateway Enable: yes 
PSTN Caller Auth Method: none 
PSTN Caller Default DP: 1 

The dial plans are required with the Sipura device to select a 
routing destination. Many PSTN gateway devices do not require 
specific dial plans, as the default VolP-to-PSTN and PSTN-to-VoIP 
directions are relatively straightforward. The above dial plans 
should be entered exactly as listed, except for the hostname 
of your CommuniGate Pro server. Note too the pbx account 
name—if you used a different name as the pbx account on your 
CommuniGate Pro server, it should be used here instead. Now, 
all incoming calls from the PSTN line will be routed to the LAN 
network with a destination of this account on the CommuniGate 
Pro server. 

Routing Outbound Calls to 
the VolP-to-PSTN Gateway 

Routing some or all numeric addresses (calls to the PSTN) from 
CommuniGate Pro to your FXO Gateway (Foreign exchange Office— 
Sipura, in this case) is very easy. 

First, log in to the Web-Admin Interface: 
https://mail.example.com:9010. Then, select the Settings menu option, 
and then Router (Settings^Router). Next, add the desired routing 
table entries for the matched numbers you want routed to the FXO 
gateway. For example: 

NoRelay:Signal:<l*@example.com> = 1*@192.168.1.136 

This special syntax simply says, "relay all calls starting with a 1 to 
the device at 192.168.1.136", which for this example would be a 
Sipura 3000. Similar routing could be done using a 9 prefix, or 011 for 
international calls: 

NoRelay:Signal:<9*@example.com> = *@192.168.1.136 
NoRelay:Signal:<011*@example.com> = 011*@192.168.1.136 

Note: for the 9-prefix example above, the 9 is stripped from the 
call when it is routed to the FXO device. 

Much more complex signal routing and digit-matching plans 
can be configured—see the on-line CommuniGate Pro guide at 
www.communigate.com/CommuniGatePro 

At this point, you should have your software set up to route calls 
correctly. Now, you need either a softphone or an IP phone. 

CommuniGate Pro supports SIP (Session Initiation Protocol). 

SIP enables real-time communications, including instant messaging, 
Voice-over-IP, video conferencing, multimedia, whiteboard and applica¬ 
tion sharing. Required for implementation is CommuniGate Pro version 
5.0 or 5.1 and a SIP-enabled client device. 

There are many types of SIP-enabled clients. One type of SIP client 
is a softphone. A softphone is a voice application run on your desktop 
computer, laptop computer or mobile computing device that acts just 
like a normal phone, except that you use a microphone or computer 
headset to talk. 

These clients have all the functionality of their physical counter¬ 
parts and, in some cases, more. Here are just a few of the softphones 


available at this time: 

■ CounterPath's eyebeam and X-Lite products (Windows/Mac). 

■ Twinkle (Linux). 

■ SJphone (Windows/Mac/Linux). 

Another group of SIP clients, known as IP phones, are physical 
devices that look just like any other desktop phone. However, these 
devices are connected to the Ethernet over Internet Protocol instead of 
the telephone network over twisted pair. These devices are just as easy 
to set up and configure as their softphone counterparts and typically 
have an HTML interface for exactly this purpose. 

Finally, there are soft-client applications that are capable of provid¬ 
ing multiple types of SIP services—including instant messaging, voice, 
video conferencing and whiteboarding—in one package. Some of 
these applications include Microsoft Windows Messenger, Linphone 
and KPhone, with more on the way from both the commercial and 
open-source sectors. 

CommuniGate Systems integrates with all SIP-standards-based IP 
phones. Phones tested to date include those from Polycom, SNOM, 
Grandstream, ZyXEL, Hitachi Cable, Cisco and various other lesser- 
known IP devices. 

All SIP-standards phones should work with CommuniGate Pro. 
However, SIP has evolved and, in the event that a specific device is 
found not to work, CommuniGate Pro provides a SIP Workaround 
feature that can be implemented while the system is running to 
provide specific workarounds to a specific device. 

The following describes the setup of a common IP phone, the 
Polycom 501. Most IP phones use a similar configuration process. 

Each Polycom phone contains a built-in Web server for configura¬ 
tion. After putting the phone on your LAN network, it will get a DHCP 
address, which can be viewed on the phone's LCD screen. 

Use your favorite Web browser to connect to the IP address of the 
phone. The default login for the Polycom phones is: 

http://IP.address.of.phone 
username: Polycom 
password: 456 

After logging in, select the SIP Conf. tab (Figure 3), and enter the 
hostname or IP address of your CommuniGate Pro system for the 
Outbound Proxy. 

Locate the Registration tab (Figure 4), and enter your Display 
Name (real name), SIP address (same as your e-mail address) and 
Auth User ID and Password. The Auth User ID could be your short 
user name, such as demo, or it also can work as the fully qualified 
name, such as demo@example.com. Also enter the Address of the 
server, which in most architectures is the hostname or domain 
name of your environment, and often it is the same as your 
Outbound Proxy address above. 

That's it. After updating each change, the phone restarts. After 
your last set of changes, the phone should REGISTER as your account, 
and your account name will be displayed on the phone's LCD screen. 
Incoming calls to your account or extension will ring the phone, as 
well as your other SIP devices. 


84 | march 2007 www.linuxjournal.com 



ftfiundPftirni* r trulgL*- jd&p 



fib Corrllguriilan Tirim.l*™. 



SOTari 

LviMp 




Figure 3. Set up the Polycom IP phone with the Web interface. 



Figure 4. Finish setting up the Polycom phone. 

You are now ready to place a call. You can dial from one test user 
to another you've configured either by entering the login name or, 
alternatively, the extension assigned as the alias for that user. If you 
want to call people who also are using VoIP on the Internet, try calling 
them with their URI. For example, on your eyeBeam softphone, instead 
of dialing digits, type an address (JohnDoe@another.example.net). Of 
course, your CGP server must have access to the Internet. Enjoy! ■ 


Daniel Sadowski assists in the marketing department of CommuniGate Systems. He obtained his 
degree in International Communication Studies from Sonoma State University with study abroad at 
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and writing of marketing collateral to include case studies, advertising, on-line content and articles. 
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and VoIP technologies. His background includes work experience both as employee and installa¬ 
tion and services of messaging systems with such companies as SUN Microsystems, Mirapoint, 
Resumix, Inc., and Computer Curriculum Corporation. Steve also serves on the SPECmail Server 
subcommittee and helps drive benchmark standards in performance testing. 
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Building a Multi-Room 
Digital Music System 

Use embedded Linux and open-source software to build a networked audio appliance. 

CHAD FILES 



Like many media buffs these days, I have a media center computer 
in my house. It is a small VIA Ml0000 Mini-ITX system in a Casetronic 
Cl 58 case running Freevo on top of Gentoo Linux. It sits inside my 
media cabinet and serves music, video, photos and various other 
bits of information to my TV. The small media cen¬ 
ter gets all of its content from a much larger 
AMD64 Gentoo Linux server that resides in 
a closet near the back of the house. The 
two machines talk to each other over a 
wired network using NFS (Network File 
System). I will be the first to tell you that it is 
great to have all of my music, videos and 
photos in a digital format and easily accessible. 

In the same spirit of my media center computer, 

I wanted to have a few small systems that could sit on a shelf 
or in a drawer that would serve music to different parts of the 
house. Many products on the market exist that will broadcast 
audio from a computer and many others will play the resulting 
stream. The problem with most of these, to me, is that only one 
stream is available. I wanted the ability to play different music in 
each room at the same time and control it with one device. A 
few newcomers to the market do exactly what I wanted—namely 
the Sonos Digital Music System, which was reviewed in the 
March 2006 issue of Linux Journal. However, I wanted to tackle 
this one myself. 

My idea was to build a fanless Mini-ITX appliance that would 
grab content from my file server and play it using MPD (Music 
Player Daemon). To control the appliance, I use lightTPD (a PHP- 
enabled Web server) and phpMp (a PHP application that controls 
MPD), running on the appliance. This gives any computer on the 
network with a Web browser the power to control the appliance. 
My controller of choice is a Nokia 770. Using Opera, which comes 
installed, I can point the browser to each of the appliances and 
control them over my wireless network. 


Figure 1. 

The Media Center with 
the Nokia 770 as the Controller 


Hardware for the Appliance 

For the appliance, I chose to start with a VIA ML6000EA Mini-ITX 
motherboard. This board has many features that make it perfect for 
this type of appliance. The main one is the VIA 600MHz Eden fanless 
processor. This tiny processor is more than enough to push the appli¬ 
cations, and it makes absolutely no noise. Other nice features include 
six-channel onboard audio, onboard LAN, support for 1GB of memory 
and a PCI slot. 

Because I wanted the appliance to be silent, I decided to forgo a 
standard hard drive. Instead, I opted for a 256MB Flash drive that 


Figure 2. The Open Casetronic Case with Motherboard 

plugs directly in to a 40-pin IDE slot. The Flash drive also draws its 
power from a standard four-pin molex. I also added 256MB of DDR 
400 memory to finish out the internals. 
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To give the appliance a sleek look, I went with a Casetronic 
Cl 58 case. This case has a smooth front, which makes it look 
more like an appliance. Even though the case has room for a slim 
ROM drive, I did not put one in, because MPD does not have 
support for playing audio from a CD. The case also has audio 
jacks on the front right side that provide easy access for enjoying 
music with headphones. Another nice feature on this case is the 
optional CompactFlash card reader that can be mounted from the 
inside and accessed right below the CD-ROM tray. 

Embedded Linux 

Because I chose to use a Flash-based hard drive, I needed to make 
sure that my Linux installation was small, less than 250MB, and 
did not write to the disk. Flash-based drives and disks have only a 
certain number of write cycles that can be preformed on them 
before they give out. My particular drive, made by IEI Global 
Sourcing, supports more than one-million cycles. Even with sup¬ 
port for this many cycles, the drive would stop working in a fairly 
short amount of time due to disk writes, especially if there were a 
swap partition on the disk. With all of this factored in, I decided 
an embedded Linux system was the best fit. 

Embedded Linux systems can be 
created in a variety of ways. I chose to go 
with embedded Gentoo (see Resources). 

Because my development machine, a Dell 
600m laptop, already runs Gentoo, I didn't 
need to create a custom build chain. I simply 
could get a snapshot from the Gentoo Web 
site and use my laptop as a host to build 
the embedded system. 

Before I attempted to build the system, 

I took a long look at Building Embedded 
Linux Systems by Karim Yaghmour (see 
Resources). This book provides a very 
detailed view of the exact ingredients that 
make up a functional Linux operating 
system. And, as the title states, it shows 
the reader how to build embedded Linux 
systems. I also followed the instructions 
written by Heath Holcomb on how to 
construct an embedded Gentoo system 
(see Resources). Heath's instructions 
describe all the needed steps for building 
an embedded Gentoo system and making 
it operational. Without these resources, 
this entire project would not have been 
possible. I strongly recommend you take a 
look at them if you are considering doing 
anything with embedded Linux. 

It also should be noted that if you 
want to build an appliance like this, but 
would rather use a hard drive and save 
yourself some time, you can use almost 
any Linux distribution. Most of them come 
with all of the software for this project 
already in their package systems. 

Building the embedded Gentoo system 


was not too difficult. If you have ever installed Gentoo before, 
making the leap into the embedded realm is not very hard. Several 
things did make my build interesting though. 

I followed Heath's instructions to the letter, and when I was 
finished, I had a working embedded Gentoo system. After testing 
it and making sure it all worked, I went on to install the rest of 
the software that I needed (MPD, lightTPD and phpMp). This 
proved to be a bit problematic. Portage (Gentoo's package system) 
wanted to install several software packages that I did not want or 
need. So, I started over from scratch and carefully installed only 
the dependencies for the software I needed. Then, I installed my 
three pieces of software with a nodeps flag to ensure that I did 
not get the unwanted software. 

During the build process, I tested the system several times. I 
wanted to make sure that with each step I was making progress 
and not breaking something that had worked previously. To test 
the system, I used a USB media reader to copy the embedded 
Gentoo system off my laptop onto a CompactFlash card. I then 
plugged the CompactFlash card in to a card reader plugged directly 
in to my appliance computer. This allowed me to test the appliance 
and emulate how it would operate once everything was working. 
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Network Setup 

As I mentioned earlier, all of my media is on a file server. Having my 
media stored this way lets me have any number of computers on my 
network access the files as if they were stored locally. In order to share 
the files, I set up NFS on the server. Using NFS, I can allow IP addresses, 
or sets of IP addresses, to connect to specific directories on the server 
and have specific security rules. 

For the appliance computer, I set up two shares. The primary 
share is where all of the audio content is stored. This share is 
read-only; I did not want anything mounting this directory to be 
able to modify it. The second share is a writable share where all of 
the MPD metadata is stored (more on this later). Both shares are 
set up with IP restriction only. I decided against using user authen¬ 
tication for reasons of simplicity. 

To complete the network setup on the server, I made sure NFS 
started on boot. Then, I added the mount lines to a startup script on 
the appliance. 

The Music Player Daemon 

At the core of this appliance is MPD. MPD can play almost any audio 
format: MP3, Ogg, AAC (without DRM), FLAC and so on. For my 
setup, I enabled Ogg, MP3 and AAC, as all of my music files are in 
one of these formats. MPD also will play audio streams. This gave 
my appliance the ability to play all of my favorite Internet radio 
stations. Configuring MPD is actually fairly easy. Only a handful 
of settings need to be changed for MPD to function correctly. 

The two most obvious settings that need to be changed are 
music_directory and playlist_directory. I pointed the music directory 
setting to the first NFS mount (the one with all of the audio files). 
The playlist directory setting was pointed to a playlist directory 
on the second NFS mount. By pointing the playlist setting to a 
common directory, all of the appliances on the network can 
share playlists. 

The next setting I modified was db_file. This setting points to a 
file where MDP stores all of the metadata about the audio files on 
the system. I pointed this setting to a file called mpd.db on the 
writable NFS share. Just like the playlist setting, this allows all the 
appliances to share a common database of audio information. This 
also allows any appliance to update the MPD database. 

The final setting I modified was state_file. This setting points 
to a file that holds the information about what state MPD is in 
when it stops. Again, this points to a file on the writable NFS 
mount. However, the state file is unique for each appliance. When 
I turn an appliance back on, I want its state, not the state of 
another appliance. 

Controlling the Appliance 

Because the appliance does not have a screen, I needed a way to 
control the audio playback. Fortunately, the same folks who devel¬ 
oped MPD also developed phpMp. phpMp is a small and simple Web 
application designed to control an instance of MPD using the socket 
extension in PHP In order to get phpMp running, I had to install a 
Web server. Because I was using an embedded platform, I had to be 
conscious of application size. I also wanted something that was very 
easy to configure and did not take up too many resources. So, with 
those considerations in mind, I decided to use lightTPD. lightTPD is a 
small, fast, full-featured Web server that can run PHP scripts. 



Figure 3. Web-Based Control of the Media Center 


Out of the box, lightTPD and phpMp needed very little configu¬ 
ration, which is a great feature. Of course, because the appliance is 
headless, I had to make sure lightTPD started automatically during 
the boot process. 

Problems and Challenges 

All things considered, I had very few problems getting everything 
working. The few issues I did have dealt with the OS being embedded. 
Fortunately, they were easily remedied. 

The first issue was application logging. MPD, lightTPD and 
the OS itself are configured by default to log everything to files. 
With my hard drive mounted as read-only, this caused a few 
issues. To solve the problem, I added a line in the fstab to mount 
the /tmp directory as a tmpfs. Then, I redirected all logging to the 
/tmp directory. Doing this allowed all of the applications to log 
information and still have a read-only filesystem. 

The next issue I had dealt with was the ALSA (Advanced Linux 
Sound Architecture) device files. Most Linux systems nowadays use 
UDEV to create device files dynamically on boot. Among the device 
files created by UDEV are the sound card device files that ALSA uses. 
Because my system did not have UDEV, these files were never created. 
To solve the issue, I manually created the device files I needed and 
made them part of my embedded distribution. 

The last challenge dealt with turning the appliance off. Because 
there is no console nor interface to tell the system to shut down, you 
have to use the power button on the appliance. This led me to build¬ 
ing ACPI (Advanced Configuration and Power Interface) support into 
the embedded system. With ACPI, I configured the system to shut 
down when the power button is pressed. As the operating system is 
so small and has so few processes running, shutdown takes only a 
split second. Eventually, I would like to add support for shutdown to 
the phpMp interface, but for now, the power button works just fine. 

Enhancements and Improvements 

Through the course of building this system, I thought of several things 
I would like to do to enhance the appliance, such as adding an LCD to 
the front of the case that would show the artist, album and name of 
the current track. LCDproc has support for MPD, and LCD4linux is 
adding support, so installing an LCD should be trivial. I also would like 
to build a small amplifier that could fit into the case so I would not 
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have to use powered speakers. My ideas were not relegated to the 
appliance alone; I thought of several enhancements I would like to see 
to the Nokia 770 and MPD. 

The Nokia 770 is the perfect interface for this appliance. As its 
user base grows, so do the features and the amount of applications 
it can run. Developers across the world are porting more and more 
applications to it every day. In the future, I would like to see gmpc 
(GNOME Music Player Client) ported, gmpc is a GTK+ application that 
connects to and controls MPD. If gmpc were to be ported to the 
Nokia 770, lightTPD and phpMp no longer would be needed to 
control the appliance. The 770 could control it natively. 

There also are several enhancements that I would like to see 
added to MPD to make this appliance even better. The first one is a 
cover art plugin. Adding support for this has been discussed among 
the MPD developers, but it has not been added to date. Another nice 
addition would be a tag editor that allows users to update the meta¬ 
information stored in an audio file. 

Conclusion 

The Mini-ITX line of motherboards, coupled with Linux, provide a solid 
foundation for building all kinds of appliances like the one described 
in this article. It took me just short of a month to build and test the 
appliance. It also was fairly cheap for something so small. All the hard¬ 
ware for the appliance cost about $320 US. 
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The D Programming 
Language 

Familiarize yourself with the powerful compiled and managed language D. 

AMEER ARMALY 


During the past few decades, programming languages have 
come a long way. In comparison to the dawn of UNIX and C, when 
compiled languages were just getting their start, today's world is 
full of languages with all sorts of goals and features. In this article, 

I discuss one such language, D from Digital Mars. D is a natively 
compiled, statically typed, multiparadigm C-like language. Its aim is 
to simplify development of any type of application—from kernels 
to games—by combining the performance and flexibility of C with 
the productivity-boosting factors of languages, such as Ruby and 
Python. It originally was conceived by Walter Bright, the man who 
wrote the first ANSI C++ compiler for DOS. The reference compiler 
is freely downloadable for both Windows and Linux, and the front 
end is licensed under a dual GPL and Artistic license. 

GDC is a D compiler, which uses the GCC back end and is dis¬ 
tributed under the GPL. D's features include the lack of a preprocessor, 
a garbage collector, flexible first-class arrays, contracts, inline assem¬ 
bler and more. With all this, it still maintains ABI compatibility with 
C, allowing you to use all your old C libraries from D easily, with 
little work. The D standard library includes bindings to all standard 
C functions as well. 

Hello World 

In D, the Hello World program goes like this: 

import std.stdio; // standard i/o module 
i nt main (char [] [] args) 

{ 

writefIn("Hello world!"): 
return 0; 

} 

writef is D's typesafe version of printf; writefln adds a newline 
character at the end. Garbage collector D includes an automatic 
garbage collector, relieving the programmer of the need to manage 
memory explicitly. This allows programmers to focus more on the 
task at hand, as opposed to having to worry about the condition of 
each memory chunk. Furthermore, it eliminates a whole class of 
bugs dealing with dangling pointers and invalid memory references. 
In times when the GC would slow the application down, there is 
always the option of turning it off altogether or using C's malloc 
and free for memory management. 

Modules 

In D, modules are imported using the import statement and have a 
one-to-one correspondence with source files, with the period as the 


path separator. Each symbol within a module has two names: the 
name of the symbol and the name of the symbol prefixed by the 
module name, which is called the fully qualified name or FQN. For 
example, writefln can be referred to as writefln or std.stdio.writefln. 
For cases when the FQN is preferred, the static import statement 
imports the module's symbols but avoids putting them into the global 
namespace. For example, both the std.string and std.regexp modules 
include functions for find, replace and split. Because I'm more likely 
to use pure string functions than regular expressions, I would statically 
import std.regexp, so that whenever I wanted to use any of its 
functions, I would have to be explicit, whereas I simply could call 
the string functions by their regular names. 

Modules can have static constructors and destructors. The static 
this() function in any module is the static constructor and is invoked 
before main(); after main has returned the static, ~this() function is 
invoked. Because modules are imported symbolically, this means 
there are no header files. Everything is declared once and only once, 
eliminating the need for declaring functions in advance or declaring 
classes in two places and trying to keep both declarations consistent. 

alias and typedef 

In D, there is a distinction made between an alias and a type. A 
typedef introduces an entirely new type to the type-checking system 
and to function overloading, which are discussed later. An alias is a 
simple replacement for a type, or optionally a symbol: 

alias int size_t; 

typedef int myint; //can't implicitly convert to int 
alias someReallyLongFunctionName func; 

Arrays 

In D, arrays are first-class types in every way. D contains three types of 
arrays: static, dynamic and associative arrays. Array declarations read 
right to left; char[][] is interpreted as an array of arrays of characters: 

int[] intArray; // dynamic array of ints 
int [2][4] matrix; // a 2x4 matrix 

All arrays have length, sort and reverse properties. Associative 
arrays are arrays where the index is something other than sequential 
integers, possibly text strings, structs or arbitrary integers: 

import std.stdio; 
int main(char[][] args) 

{ 


90 | march 2007 www.linuxjournal.com 



int[char[J] petNumber; 

petNumber["Dog"] = 212; 

petNumber["cat"] = 23149; 

int[] sortMe = [2, 9, 341, 23, 74, 112349]; 

int[] sorted = sortMe.sort; 

int[] reversed = sorted.reverse; 

return 0; 

} 

Dynamic and static arrays can be sliced with the .. operator. 
The starting parameter is inclusive, but the ending parameter is 
not. Therefore, if you slice from zero to the length of an array, you 
get the whole array: 

int[] numbers = [1, 2, 3, 4, 5, 6, 7]; 
numbers = numbers[0..2] // 1-3 now 

Finally, D uses the ~ operator for concatenation, as addition and 
concatenation are at their most fundamental two different concepts: 

char[] stringl = "Hello "; 
char[] string2 = "world!"; 

char[] string = stringl ~ string2; // Hello world! 


This is a prime example of how D implements a lot of syntactic 
sugar on top of more low-level routines to make the programmer 
more focused on the implementation of the task itself. Strings D 
takes arrays one step further. Because strings are logically arrays of 
characters, D has no built-in string type; instead we simply declare 
an array of characters. 

Furthermore, D has three types of strings: char, a UTF-8 codepoint; 
wchar, a UTF-16 codepoint; and dchar, a UTF-32 codepoint. These 
types, along with standard library routines for manipulating 
Unicode characters, make D a language suited to internationalized 
programming. In comparison with C, D strings know their length, 
eliminating even more bugs and security issues dealing with 
finding the elusive null terminator. 

Contracts 

D implements techniques that make contract programming easy, 
which makes for better quality assurance in programs. Making 
contracts part of the language itself makes it much more likely that 
they actually will be used, because the programmer doesn't have to 
implement them or use an outside library for them. 

The simplest type of contract is the assert statement. It checks 
whether the value that is passed to it is true, and if not, it throws 
an exception. Assert statements can be passed optional message 
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arguments to be more informative. Functions have two types 
of contracts, pre and post, signified by the in and out blocks 
preceding a function. The in contract must be fulfilled before 
the rest of the function is executed; otherwise, an AssertError is 
thrown. The post contract is passed the return value of the func¬ 
tion and checks to make sure the function did what it was sup¬ 
posed to do before the value is passed to the application. When a 
program is compiled with the release option turned on, all asserts 
and contracts are removed for speed purposes: 

int sqrt(int i) 
in { 

assert(i > 0); 

} 

out(result) { // the return value is 

// always assigned to result 
assert((result * result) ==i); 

} 

body 

{...} 

Another type of contract is the unit test. Its purpose is to ensure 
that a particular function or set of functions is working according to 
specification with various possible arguments. Suppose we have the 
following rather useless addition function: 

int add(int x, int y) { return x + y; } 

The unit test would be placed in the same module, and if the 
unittest option is enabled, it would be run as soon as the module is 
imported and any function from it is executed. In this case, it probably 
would look something like this: 

unittest { 

assert(add(1, 2) == 3) ; 
assert(add( -1, -2) == -3); 

} 

Conditional Compilation 

Because D has no preprocessor, conditional compilation statements are 
part of the language itself. This removes the numerous headaches 
caused by the preprocessor along with the infinite ways in which it 
can be used, and it makes for a faster compile. The version statement 
is a lot like #ifdef in C. If a version identifier is defined, the code under 
it gets compiled in; otherwise, it doesn't: 

version(Linux) 
import std . c.linux.linux; 
else version(Win32) 
import std.windows.windows; 

The debug statement is a lot like the version statement, but it 
doesn't necessarily need an identifier. Debugging code can be placed 
in the global debug condition or in a specific identifier: 

debug writefIn("Debug: something is happening."): 
debug (socket) writefIn("Debug: something is 


happening concerning sockets."); 

The static if statement allows for the compile-time checking 
of constants: 

const int CONFIGSOMETHING = 1; 

void doSomething() 

{ 

static if (CONFIGSOMETHING == 1) 

{ ... } 

} 

Scope Statement 

The scope statement is designed to make for a more natural organiza¬ 
tion of code by allowing a scope's cleanup, success and failure code to 
be logically grouped: 

void doSomethingO 
{ 

scope(exit) writefln("We exited."); 
scope(success) writefln("We exited normally."); 
scope(failure) writefln("We exited due to an exception."); 

} 

Scope statements are executed in reverse order. Script syntax 
DMD, the reference D compiler, supports the -run option, which 
runs the program taken from standard input. This allows you to 
have self-compiling D scripts, as long as the appropriate line is at 
the top, like so: 

#!/usr/bin/dmd -run 

Type Inference 

D allows the automatic inferring of the optimal type of a variable with 
the auto-declaration: 

auto i =1; // int 
auto s = "hi"; // char[4] 

This allows the compiler to choose the optimal type when that 
functionality is needed. 

foreach 

Some of you might be familiar with the foreach construct; it 
essentially says, "do this to every element of this array" as 
opposed to "do this a set number of times, which happens to be 
the length of the array", foreach loops simplify iteration through 
arrays immensely, because the programmer no longer even has to 
care about the counter variable. The compiler handles that along 
with making each element of the array available: 

char[] str = "abcdefghijklmnop"; 
foreach(char c; str) 
writefln(c); 
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You also can obtain the index of the element by declaring it in 
the loop: 

int [] y = [5, 4, 3, 2, 1] ; 

foreach(int i, int x; y) 

writefIn("number %d is %d", i, x); 

Finally, you can avoid worrying about the types of the variables, 
and instead use type inference: 

foreach(i, c; str) 

This opens up the field for numerous compiler optimizations that 
could be performed—all because the compiler is taking care of as 
much as possible while still providing the programmer with the flexibility 
to accomplish any given task. 

Exceptions 

As a rule, D uses exceptions for error handling as opposed to error 
codes. D uses the try-catch-finally model for exceptions, which 
allows cleanup code to be inserted conveniently in the finally 
block. For those cases when the finally block is insufficient, scope 
statements come in quite handy. 


and -this: 
class MyClass { 

this() { writefIn("Constructor called");} 
this(int i) { 

writefln("Constructor called with %d", i); 

} 

~this() { writefIn("Goodbye");} 

Classes have access to the constructors of their base class: 
this(int i) { 

super(l, 32, i); // super is the name of the 


Classes can be declared inside other classes or functions, and they 
have access to the variables in that scope. They also can overload 
operators, such as comparison, to make working with them more 
obvious, as in C++. 

Classes can have invariants, which are contracts that are checked 
at the end of constructors, before destructors and before public 
members, but removed when compiling for release: 


Classes 

Like any object-oriented language, D has the ability to create object 
classes. One major difference is the lack of a virtual keyword, unlike 
with C++. This is handled automatically by the compiler. D uses a 
single-inheritence paradigm, relying on interfaces and mixins, 
which are discussed later to fill in the gaps. Classes are passed by 
reference rather than by value, so the programmer doesn't have to 
worry about treating it like a pointer. Furthermore, there is no -> 
or :: operator; the . is used in all situations to access members of 
structs and classes. All classes derive from Object, the root of the 
inheritance hierarchy: 

class MyClass { 
int i; 
char [] str; 

void doSomethingQ { ... }; 

} 


Classes can have defined properties by having multiple functions 
with the same name: 

class Person { 

private char[] PName; 
char[] name() {return PName;} 
void name(char[] str) 

{ 

// do whatever's necessary to update any 
// other places where the name is stored 
PName = name; 

} 

} 


Classes can have constructors and destructors, namely this 
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class Date 
{ 

int day; 
int hour; 
i nvariant 
{ 

assert(l <= day && day <= 31); 
assert(0 <= hour && hour < 24); 

} 

} 

To check whether two class references are pointing to the same 
class, use the is operator: 

MyClass cl = new MyClass; 

MyClass c2; 
if(cl is c2) 

writefIn("These point to the same thing."); 

Interfaces 

An interface is a set of functions that any class deriving from it 
must implement: 

interface Animal { 

void eat(Food what); 
void walk(int direction); 
void makeSound(); 

} 

Functions 

In D, there is no inline keyword—the compiler decides which functions 
to inline, so the programmer doesn't even have to worry about it. 
Functions can be overloaded—that is to say, two functions with the 
same name can take different parameters, but the compiler is smart 
enough to know which one you're talking about: 

void func(int i) // can implicitly take 
// longs and shorts too 

{...} 

void func(char[] str) 

{...} 

void mainQ 
{ 

func(23) ; 
func("hello"); 

} 

Function parameters can be either in, out, inout or lazy, with in 
being the default behavior. Out parameters are simple outputs: 

void func(out int i) 

{ 

I += 4; 

} 


void mainQ 
{ 

int n = 5; 
writefln(n) ; 
func(n) ; 
writefIn(n) ; 

} 

inout parameters are read/write, but no new copy is created: 

void func(inout int i) 

{ 

if(i >= 0) 

else 

} 

Lazy parameters are computed only when they are needed. For 
example, let's say you called a function like this: 

log("Log: error at "-toString(i)~" file not found."); 

Notice that every time you call it, the strings are concatenated and 
passed to the function. The lazy storage class means that the strings 
are put together only if they are called upon, increasing performance 
and efficiency. Nested functions in D allow the nesting of functions 
within other functions: 

void mainQ 
{ 

void funcQ 
{ 

} 

} 

Nested functions have read/write access to the variables of 
the enclosing function: 

void mainQ 
{ 

int f | 

void funcQ 
{ 


Templates 

D has a totally redesigned and highly flexible template system. For 
starters, the ! operator is used for template instantiation. This elimi¬ 
nates the numerous ambiguities caused by <> instantiation and is 
more readily recognizable. Here is a simple copier template: 

template TCopy(t) { 

void copy(T from, out T to) 
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{ 

} 


to = from; 


void mainQ 
{ 

int from = 7; 
int to; 

TCopy!(int).copy(from, to); 

} 


Template declarations can be aliased: 


alias TFoo!(int) temp; 

Templates can be specialized for different types, and the compiler 
deduces which type you are referring to: 


template TFoo(T) { . 

template TFoo(T : T[]) { 

template TFoo(T : char) { .. 

template TFoo(T,U,V) { . . 

alias TFoo!(int) fool; 
alias TFoo!(double[]) foo2; 

alias TFoo!(char) foo3; 
alias TFoo!(char, int) fooe; 

alias TFoo!(char, int, 


} // #1 

} // #2 

} // #3 

} // #4 

// instantiates #1 
// instantiates #2 
// with T being double 
// instantiates #3 
// error, number of 
// arguments mismatch 
// instantiates #4 


int) foo4; 


Function Templates 

If a template has one member function and nothing else, it can be 
declared like this: 


void TFunk(T) (T i) 

{ 

} 

Implicit Function Template Instantiation 

Function templates can be instantiated implicitly, and the types of the 
arguments deduced: 


TFoo!(int, char[]) (2,"foo"); 

TFoo(2, "foo"); 

Class Templates 

In those cases when you need to declare a template and its only 
member is a class, use the following simplified syntax: 

class MyTemplateClass (T) 

{ 

} 


Mixins 

A mixin is just like cutting and pasting a template's code into a class; 
it doesn't create its own scope: 

template TFoo(t) 

{ 

t I; 

} 

class test 
{ 

mixin TFoo!(int); 
thisQ 
{ 


void mainQ 
{ 

Test t = new Test; 
writefln(t.i); 

} 

Conclusion 

D is a promising language that is able to supply many different 
needs in the programming community. Features such as arrays, SH 
syntax and type inference make D comparable to languages, such 
as Ruby and Python, in those regards, while still leaving the door 
open for low-level system programmers with the inline assembler 
and other features. D can be applied to many programming 
paradigms—be they object-oriented with classes and interfaces, 
generic programming with templates and mixins, procedural 
programming with functions and arrays, or any other. The garbage 
collector relieves the programmer of the need to manage all 
memory chunks manually, while still making it possible for those 
situations in which manual memory management is preferred. 

It brings in features of imperative languages, such as Lisp, with 
the lazy storage class, which drastically speeds up efficiency. The 
language is relatively stable, with the occasional new features or 
changes added in. 

In short, D is a language ready for real-world deployment.^ 


Ameer Armaly is a blind 18-year-old high-school senior. Among his interests are playing 
the guitar, programming and science fiction. 
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Dealing with the Devil 

Who sings the praises of those who got rich taking bribes from At Capone? 



Nick Petreley, Editor in Chief 


Those who fail to learn from history are 
doomed to repeat it. Novell has failed to 
learn from history, and is doomed to repeat 
it after having made a deal with Microsoft. 

Before I continue, consider that I am 
one of the most pragmatic and therefore 
least religious among Linux advocates. I 
see nothing wrong with good proprietary 
commercial software from reliable sources. 

I think the DCMA, not TiVo, is the problem 
when it comes to TiVoization. Let me add 
that when IBM behaved as a controlling 
monopolist that did not work in the best 
interests of its customers, I repeatedly blew 
the whistle on IBM's monopolistic business 
practices. (Obviously, I've been writing for 
a long time.) Now I am a fan of IBM. As 
with IBM, my criticism of Microsoft is not 
personal. If Microsoft ever changes its 
ways of doing business, as IBM did, I will 
gladly support the company. But Microsoft 
has shown no signs that it has abandoned 
its Machiavellian tactics. 

My point is that the following is not the 
rantings of a free software or Linux zealot, 
nor is the following the rantings of a mind¬ 
less Microsoft basher. It is simply the truth, 
as best as I can see it. 


Microsoft is an enemy of Linux, if not 
the enemy. Anyone who thinks otherwise 
needs to read Steve Ballmer's statement that 
everyone who runs Linux owes money to 
Microsoft. But it's worse than that. Microsoft 
is a company run by megalomaniacs bent on 
control and domination of every market the 
company enters. Therefore, every time 
Microsoft makes a deal, it makes it with the 
ultimate goal of marginalizing the competi¬ 
tion—not destroying all competition, lest it 
risk another bout with DOJ, but marginaliz¬ 
ing it enough to prevent it from posing a 
threat to its dominance and market leverage. 
For every deal Microsoft makes that seems 
beneficial to anyone but Microsoft, you will 
find an ulterior motive in line with the afore¬ 
mentioned goal. For example, when you peel 
back the layers of Microsoft's philanthropic 
deals for Windows, you'll find the internal 
memo that instructs sales to offer such 
gestures only where Linux is a threat. 

History is littered with the battered 
bodies left from such deals. I find it some¬ 
what poetic that I first heard the term 
"coopetition" at a Novell press event, 
long ago. Novell announced that it made 
a deal with Microsoft, and then subjected 
editors to such an overdose of the words 
"coopetition" and "partnering", it is still 
painful to write these words today. I don't 
recall the date of the event, but it was 
roughly 1-3 years before Windows NT 
essentially buried NetWare. Granted, 
Microsoft probably offered as an alterna¬ 
tive the refusal to make IPX work properly 
with Windows 95. But Novell was gutless, 
all the same, and paid for its mistake. 

There isn't enough room to document all 
the deals Microsoft made that marginalized 
its competition, so I'll leave it to students of 
history to recount them. Put simply, nobody 
has ever walked away from a deal with 
Microsoft as a winner, at least not in the 
sense of a true winner or long-term winner. 


I've drawn a comparison between 
Microsoft and Al Capone before. The last 
time I did so, I quoted from the movie 
The Untouchables as to how to deal with 
Microsoft. Malone (Sean Connery) says to 
Elliot Ness (Kevin Costner), "Here's how 
you get Capone: he pulls a knife, you pull 
a gun. He sends one of yours to hospital, 
you send one of his to the morgue! That's 
the Chicago way! And that's how you get 
Capone. Now, do you want to do that? 

Are you ready to do that?" 

The last time I quoted that passage in a 
column, Marc Andreesen wrote to tell me he 
taped that column to his bathroom mirror to 
remind him daily how to "negotiate" with 
Microsoft. I don't know if it did any good, 
but I hope it helped give Netscape the 
courage to go to the DOJ. 

Some people are content with the 
Microsoft/Novell deal because Microsoft is 
going to promote SUSE, and Novell stands 
to make money from it, at least in the 
short term. But when it comes to the story 
of Al Capone, whose praise do we sing? 
Do we honor as heroes the men who got 
rich taking bribes from Capone? Or do we 
honor as heroes the Untouchables, those 
who were not willing to profit from a deal 
with the devil? 

To those who think the Microsoft/Novell 
deal is good for Novell and for Linux, I say 
let's revisit this issue in five years when the 
current deal expires. I suspect the ulterior 
motives will surface before then, but if not, 

I predict those who praise Novell and/or 
Microsoft will be in for a rude awakening 
five years from now. I hope I'm wrong, but 
if I'm right, I pray someone at Novell with 
some guts will post this column on his or her 
bathroom mirror before it is too late.B 


Nicholas Petreley is Editor in Chief of Linux Journal and a former 
programmer, teacher, analyst and consultant who has been 
working with and writing about Linux for more than ten years. 
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